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DESCRIPTION DU STAGE 

Domaine d’étude : Assimilation de données, PIV 

Type de stage  Fin d’études bac+5  Master 2 recherche  Bac+2 à bac+4 

Intitulé : Data assimilation for flow velocity measurement by PIV and PTV using stochastic 
approximations 

Sujet :  
 
Particle Image Velocimetry (PIV) and Particle Tracking Velocimetry (PTV, whereby particles are followed 
individually), have brought over the last decades a dramatic increase in the capacity to measure flow 
velocities, either in plane cuts (2D) or in volumes (3D). The volumetric form, which is still a very active 
research topic, yields the unprecedented knowledge of the three instantaneous velocity components in 
three dimensions, allowing rich dynamical characterizations as well as the possibility to determine 3D 
pressure fields in incompressible flows, for instance. Yet, 3D PIV and PTV still suffer a number of 
limitations in terms of spatial resolution, spatial sampling, temporal sampling, and noise, for instance. To 
alleviate these limits, data assimilation (DA), which has been introduced in the meteorological community a 
few decades ago, and has been the subject of intensive research since, has recently received increasing 
attention in the aerodynamical community, with several successful prototypes showing highly promising 
results [1-4]. The overall idea of these techniques is to provide an improved flow estimation, combining the 
experimental data with results of a numerical simulation of the same flow. While both experiment and 
simulation have their own error sources, the fused estimation can allow to balance their relative strengths 
in an optimal way.  
The overall cited approaches all rely on a variational paradigm, known to be highly precise but demanding 
in terms of derivation and computational cost. Indeed, in addition to the flow solver, its adjoint form is also 
required [5], which constitutes a complex implementation work. Also, when operational, such schemes are 
very intensive computationally, as they typically rely on several decades of direct and adjoint simulations 
for one flow case. Besides, they also require a precise knowledge of the uncertainties (also referred to as 
error covariances) of the measurement and of the numerical model, which may be difficult to estimate.   
The objective of this internship is to explore stochastic DA schemes, which seek an approximation of the 
error covariances by Monte-Carlo sampling, i.e. performing several flow simulations with varying values of 
the partly known parameters (e.g. boundary conditions, initial condition, constants of turbulent model, if 
any). Several variants have been already derived, such as the Ensemble Kalman Filter (EnKF, [6]) or the 
4D Ensemble Variational method (4DEnVar, [7]) and applied successfully in oceanology and meteorology, 
and more recently introduced in general fluid mechanics situations [8]. In addition from this intrinsic 
estimation of the error covariances, one of the important interests of these techniques is that they do not 
require the adjoint operator of the numerical model and are computationally less intensive. 
Following recent work at ONERA on variational DA for PIV [3-4], and within the framework of an internal 
collaborative project on DA (ARENE, french acronym for Data Assimilation for Experimental and 
Numerical Flow Reconstruction), the intern will implement one of these stochastic methods, probably 
the 4DEnVar technique. In order to alleviate complexity, the first implementation will consider an 
existing 2D incompressible direct numerical simulation (DNS), performed using finite elements with 
FreeFem++ [9]. In order to ensure compatibility with other ONERA tools, these developments will be 
embedded in a Python framework. The intern will in particular study the influence of the choice in the 
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initial Monte-Carlo sampling on the final performance of DA, and compare the results with that of the 
existing variational approach. Test cases for this will be unsteady flow sequences observed over a 
backward facing step, and in a planar jet, both at moderate Reynolds numbers (around 1000). The 
former is a synthetic case, where realistic measurement data are generated from the numerical 
simulation, and the latter a fully realistic case, where the measurement consists of high-speed PIV flow 
sequences. If time allows it, the intern will also have the opportunity to consider the performance of 
different flow models, e.g. turbulent models, allowing for higher Reynolds numbers and thereby more 
complex application cases, in line with some of the objectives of the ARENE project, or prepare the 
implementation of 3D situations, which will be tackled in the PhD work to follow.  
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Est-il possible d'envisager un travail en binôme ? Non 

Méthodes à mettre en oeuvre : 

 Recherche théorique  Travail de synthèse 

 Recherche appliquée  Travail de documentation 

 Recherche expérimentale  Participation à une réalisation 

Possibilité de prolongation en thèse : OUI 

Durée du stage :  Minimum : 5 Maximum : 6 

Période souhaitée : mars-été 2018 

PROFIL DU STAGIAIRE 

Connaissances et niveau requis : 

Master 2 ou 3A d’école d’ingénieur. Formation 
en Mécanique des Fluides ou simulation 
numérique pour la mécanique des fluides. 
Maîtrise de Python est un plus 

Ecoles ou établissements souhaités : 

Universités scientifiques ou Ecoles d’ingénieurs 
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